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A NOVEL HAEMOPOIETIN RECEPTOR 



The present invention relates generally to novel haemopoietin receptors, or components 
or parts thereof and to a method for cloning genetic sequences encoding same. More 
5 particularly, the subject invention is directed to recombinant or synthetic haemopoietin 
receptors or components or parts thereof. The receptor molecules or components or 
parts thereof and their genetic sequences of the present invention are useful in the 
development of a wide range of agonists, antagonists and therapeutics and diagnostic 
reagents based on ligand interaction with its receptor. 

10 

Bibliographic details of the publications numerically referred to in this specification are 
collected at the end of the description. Sequence Identity Numbers (SEQ ID NOs.) for 
the nucleotide and amino acid sequences referred to in the specification are defined 
following the bibliography. 

15 

Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", or variations such as "comprises" or "comprising", will 
be understood to imply the inclusion of a stated integer or group of integers but not the 
exclusion of any other integer or group of integers. 

20 

The proliferation, differentiation and function of a wide variety of cells are controlled 
by secreted regulators, known as cytokines. One such cytokine is interleukin (IL)-ll 
which is a functionally pleiotropic molecule (1,2), initially characterized by its ability 
to stimulate proliferation of the IL-6-dependent plasmacytoma cell line, Til 65 (3). 

25 Other biological actions of IL-11 include induction of multipotential haemopoietin 
progenitor cell proliferation (4,5,6), enhancement of megakaryocyte and platelet 
formation (7,8,9,10), stimulation of acute phase protein synthesis (11) and inhibition of 
adipocyte lipoprotein lipase activity (12, 13). The diverse and pleiotropic function of 
IL-11 makes it an important haemopoietin molecule to study, especially at the level of 

30 its interaction with its receptor. 

The structure of the IL-11 receptor is not well known. It is known that neutralising 



SUBSTITUTE SHEET (Rule 26) 



^PpCT/AU95/00578 

WO 96/07737 

- 2 - • 

c tp i cells (14) and, hence, 
,„ . „. H . i-dependent proliferate of TF-1 
^bodies ,o EP130 ri« «- » »• 
His likely mat gpUO forms part of the r 

„tor family generally comprise a- and p-chains 
Members of the haemopoietm "^J^^, mere was no information 
, (15 ,.6,17,. However, until me ^ up „ me present mve »uon 

0B „. tf« of FW 1 receptor chams ^ dMS DOt 

*. inventors developed a ^r^^ pr0C edure has bee, success*! in 
^uire prior knowledge of me, Lgands. The c 8 ^ ^ 

10 .nalysis of me 1L-H <~*";££» - * P^ 

m «»od for cloning haemopmeun reMP mtilgooi s«s, therapeuttc and 

which provides a basis for developmg a rang o 

agents based on me .L-.lrecep.or. 



15 



20 



a eenetic molecule comprising 

. seouence of nucleoUdes ^'^^ paI t, fragment, homologue. 
„ieun receptor or a ^ ^ ^ receptor compnses 

^ogue or a peptide or polypepude e, 

wherein Xaa is any amino acid. 

„. a . es a eenetic molecule comprising a 

^se.fonhmSBQ.PNO^^ 
wherein Xaa is any amino acid. 

..molates a method of identifying and/or 

— tji ^r— -"^s— 

cloning a genetic se 4 



30 



cttcHT (Rule 26) 



WO 96/07737 



PCT/AU95/00578 



- 3 - 

haemopoietin receptor and in particular an IL-11 receptor or a component or part 
thereof, said method comprising screening a source of genetic material with one or more 
degenerate oligonucleotides designed from the sequence of amino acids comprising the 
sequence set forth in SEQ ID NO: 1 : 
5 Trp-Ser-Xaa-Trp-Ser 

wherein Xaa is any amino acid residue. 

The sequence defined in SEQ ID NO: 1 has been identified in both a and p chains of 
haemopoietin receptors and in particular IL-1 1 receptor. Accordingly, the method of the 
10 present invention is applicable to the cloning of genetic sequences encoding an a-chain, 
a P-chain or a combination of both a- and P-chains such as in a full length receptor. 

Preferably, the genetic molecule is of mammalian origin such as but not limited to 
humans, livestock animals (e.g. sheep, cows, pigs, goats, horses), laboratory test animals 

15 (e.g. mice, rats, guinea pigs), companion animals (e.g. cats, dogs) or captive wild 
animals. Most preferred origins are from humans and murine species (e.g. mice). The 
source of genetic material may be a genomic library or a cDNA library obtained from 
mRNA from a particular cell type such as would not limit to liver cells, bone marrow 
cells, placenta cells and heptatoma cells. A cDNA library is preferred and may also be 

20 an expression library. Furthermore, for the generation of mutants the cDNA library may 
be prepared by high error rate polymerase chain reaction (PCR) resulting in a mutant 
library. 

The term "screening" includes any convenient means to identify target clones. For 
25 example, colony hybridization may be employed with oligonucleotide probes or if an 
expression library is prepared, screening may be, for example, enzyme activity or 
antibody interactivity. Terms such as "components", "parts" or "fragments" include 
separately an a-chain and a P-chain or parts thereof. Preferably, the "components", 
"parts" and "fragments" are functional and more preferably a functional a- or P-chain. 

30 

The genetic molecule may be single or double stranded, linear or closed circle DNA 
(e.g. genomic DNA), cDNA or mRNA or combinations thereof. The genetic molecule 
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m ay also include a vector such as an expression vector component to facilitate 
expression of the 1L-1 1 receptor genetic sequence. 

,„ a particular aspect, the genetic sequence encodes the cr-chain of 1L-1 1 receptor and 

5 ta one preferred embodiment is murine !L-1 1 receptor a-chain encoded by a nucleotide 
sequence as set ford, in SEQ ID NO: 2 or comprises an amino acid sequence as set forth 
in SEQ ID NO: 3, or comprises a pari, derivative, fragment, portion, denvauve 
homologue, analogue or peptide equivalent thereof. In an alternative preferre 
embodiment, the genetic sequences encodes the a-chain of human IL-. 1 receptor an 

,„ comprises tire nucleotide sequence as' set ford, in SEQ ID NO: 4 or an anuno acd 
sequence as set ford, in SEQ ID NO: 5 or comprises a pan, derivative, fragment, 
portion, derivative, homologue, analogue or peptide or polypeptide equivalent thereof 
Accordingly, the genetic sequence may include a molecule capable of encoding a full 
,engu, IL-1 1 receptor or a fragmented portion thercof such as an a-chain or a p-chau, 

,5 whether functional or no, or may correspond to a portion thereof characterised by the 
amino acid sequence Trp-Ser-Xaa-Trp-Ser wherein Xaa is any amino acid res,due. 
Additionally, the genetic sequence or part thereof may act as an antisense molecule or 
molecules to mRNA encoding the a- or 0-chain of tire IL-1 1 receptor. Such antisense 
molecules may be useful in genetic therapy or in the rational design of agomsuc or 

20 antagonistic agents. 

in a related embodiment, mere is provided a genetic sequence which encodes an IL-1 1 
receptor or a component, pan or fragment thereof wherein said genetic sequence 
comprises a sequence of nucleotides to which SEQ ID NO: 2 or 4 may hybrid.se under 
25 ,ow Stiingency conditions. In a further related embodiment, the genetic sequence ts 
defined by the ability of an oligonucleotide select* from the following lis, ,o hybnd.se 

"""""^•(a/oJCTCCmJdT^CTCCA,. (SEQ ID NO: 6); 

5' (A/G)CTCCA(A/0)TCCA/G)CTCCA 3' (SEQ ID NO. 7), 

y CA/G)CTCCA(N)OC(ODCTCCA3. ^Z7oZ 

5' (A/G)CTCCA(N)GO(A/0)CTCCA 3' ID N °' 

y (A /0)CrCCA(C^TT(A/0)CTCCA y (SEQ ID NO: 10); 
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or a complement sequence thereof or a combination thereof. 

The present invention extends to the oligonucleotide defined by one of SEQ ID NOS: 
1 to 6 and/or to labelled forms thereof or oligonucleotide stabilized to reduce nuclease- 
5 mediated action thereto. 

For the purposes of defining the level of stringency, reference can conveniently be made 
to Sambrook et al (26) which is herein incorporated by reference where the washing 
steps at pages 9.52-9.57 are considered high stringency. A low stringency is defined 
10 herein as being in 0.1-0.5% w/v SDS at 37-45 C for 2-3 hours. Depending on the 
source and concentration of nucleic acid involved in the hybridisation, alternative 
conditions of stringency may be employed such as medium stringent conditions which 
are considered herein to be 0.25-0.5% w/v SDS at > 45 C for 2-3 hours or high 
stringent conditions as disclosed by Sambrook et al (26). 

15 

The present invention is particularly useful for the cloning of haemopoietin receptor a- 
or p-chains, as exemplified by the cloning of the IL-11 receptor ct-chain (IL-llrct). 
This is done, however, with the understanding that the present invention extends to a 
method for cloning all haemopoietin receptors including their a- or p-chains. Reference 
20 in the Examples to an a-chain is considered shorthand notiation to the entire receptor 
or various parts thereof, including the a- or P-chain. 

In a further embodiment, the genetic sequence is fused to a heterologous genetic 
sequence to thereby encode a fusion molecule with, for example, glutathione-S- 
25 transferase, a receptor or subunit thereof for IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, 
erythropoietin, thrombopoietin, growth hormone, prolactin, CNTF, G-CSF, GM-CSF, 
gpl30, or the p40 subunit of IL-12. 

The genetic molecule may be single or double stranded, linear or closed circle DNA 
30 (e.g. genomic DNA), cDNA or mRNA or combinations thereof such as in the form of 
DNA:RNA hybrids. The genetic molecule may also include a vector such as an 
expression vector component to facilitate expression of the IL-11 receptor or its 
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to SEQ ID NO: 6 to 10. 



, nn directed to a recombinant polypeptide 
Yet another aspect of the present invention is direct ^ ^ 

.. a , eaue „ce of amino acids corresponding to all or part 
25 C ° mPnSmg 4 "^L*!,. the mammal is a human or a murine specs such as 
11 receptor a-chain. Preieraoiy, ^ may fee a 
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75-80% and yet even more preferably at least about 90-95% or greater similarity to the 
sequence set forth in SEQ ID NO: 3 or SEQ ID NO: 5. 

The polypeptide may have additional amino acid sequences fused thereto including GST, 
5 another cytokine, a receptor component or gp!30. It may be glycosylated or 
unglycosylated depending on the cell used to produce same. Accordingly, the 
polypeptide may be produced in a prokaryotic cell (e.g. E. coli or Bacilli sp) or in a 
eukaryotic cell (e.g. mammalian cells such as BA/F3 cells [18] yeast cells, insect cells). 

1 0 Mutants and derivatives of the recombinant polypeptide haemopoietin receptor properties 
include amino acid substitutions, deletions and/or additions. Furthermore, amino acids 
may be replaced by other amino acids having like properties, such as hydrophobicity, 
hydrophilicity, electronegativity, bulky side chains, interactive and/or functional groups 
and so on. 

15 

Amino acid substitutions are typically of single residues; insertions usually will be of 
the order of about 1-10 amino acid residues; and deletions will range from about 1-20 
residues. Deletions or insertions preferably are made in adjacent pairs, i.e: a deletion 
of 2 residues or insertion of 2 residues. 

20 

The amino acid variants referred to above may readily be made using peptide synthetic 
techniques well known in the art, such as solid phase peptide synthesis and the like, or 
by recombinant DNA manipulations. Techniques for making substitution mutations at 
predetermined sites in DNA having known sequence are well known, for example 
25 through Ml 3 mutagenesis. The manipulation of DNA sequences to produce variant 
proteins which manifest as substitutional, insertional or deletional variants are well 
known in the art. 

Other examples of recombinant or synthetic mutants and derivatives of the recombinant 
30"" haemopoietin receptor polypeptide of the present invention include single or multiple 
substitutions, deletions and/or additions to any molecule associated with the ligand such 
as carbohydrates, lipids and/or proteins or polypeptides. Naturally occurring or altered 
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glycosylated forms of the subject ligand are particularly contemplated by the present 
invention. 

Amino acid alterations to the subject polypeptide contemplated herein include insertions 
5 such as amino acid and/or carboxyl terminal fusions as well as intra-sequence insertions 
of single or multiple amino acids. Generally, insertions within the amino acid sequence 
will be smaller than amino or carboxyl terminal fusions, of the order of say 1 to 4 
residues. Insertional amino acid sequence variants are those in which one or more 
amino acid residues are introduced into a predetermined site in the protein. Deletional 
1 0 variants are characterised by the removal of one or more amino acids from the sequence. 
Substitutional variants are those in which at least one residue in the sequence has been 
removed and a different residue inserted in its place. Such substitutions may be made 
in accordance with Table 1: 
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TABLE 1 



5 


Original Residue 


Exemplary Substitutions 




Ala 


Ser 




Arg 


Lys 


10 


Asn 


Gin; His 




Asp 


Glu 




Cys 


Ser 


n 


Gin 


Asn 




Glu 


Asp 




Gly 


Pro 




His 


Asn; Gin 




lie 


Leu; Val 




Leu 


lie; Val 




Lys 


Arg; Gin; Glu 


m- 20 


Met 


Leu; He 




Phe 


Met; Leu; Tyr 




Ser 


Thr 




Thr 


Ser 




Trp 


Tyr 


25 


Tyr 


Trp; Phe 




Val 


He; Leu 



The terms "analogues" and "derivatives" also extend to any functional chemical 
30 equivalent of the ligand characterised by its increased stability and/or efficacy in vivo 
or in vitro. The terms "analogue" and "derivatives" further extend to any amino acid 
derivative of the ligand as described above. 
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Modification of the imidazole ring of a histidine residue may be accomplished by 
alkylation with iodoacetic acid derivatives or N-carbethoxylation with 
diethylpyrocarbonate. 

5 Examples of incorporating unnatural amino acids and derivatives during protein synthesis 
include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3- 
hydroxy-5-phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline, 
pheny Iglycine, ornithine, sarcosine, 4-amino-3 -hydroxy-6-methylheptanoic acid, 2-thienyl 
alanine and/or D-isomers of amino acids. 

10 

Crosslinkers can be used, for example, to stabilise 3D conformations, using homo- 
bifunctional crosslinkers such as the bifunctional imido esters having (CH 2 ) n spacer 
groups with n = 1 to n = 6, glutaraldehyde, N-hydroxysuccinimide esters and hetero- 
bifiinctional reagents which usually contain an amino-reactive moiety such as N- 

15 hydroxysuccinimide and another group specific-reactive moiety such as maleimido or 
dithio moiety (SH) or carbodiimide (COOH). In addition, peptides could be 
conformationally constrained by, for example, incorporation of C a and N a -methylamino 
acids, introduction of double bonds between C a and Cp atoms of amino acids and the 
formation of cyclic peptides or analogues by introducing covalent bonds such as forming 

20 an amide bond between the N and C termini, between two side chains or between a side 
chain and the N or C terminus. 

The present invention, therefore, extends to peptides or polypeptides and amino acid 
and/or chemical analogues thereof having the identifying characteristics of the a-chain 
25 of IL-11 receptor. 

Accordingly, reference herein to the a-chain of the IL-11 receptor or a polypeptide 
having IL-1 1 a-chain properties includes the naturally occurring molecule, recombinant, 
synthetic and analogue forms thereof and to any mutants, derivatives and human and 
30 non-human homologues thereof including amino acid and glycosylation variants. 
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Figure 2 is a comparison of Nrl with other members of the haemopoietin receptor 
family; Amino acid sequence alignment of murine Nrl, the murine IL-6 receptor a- 
chain, the human CNTF receptor a-chain, the p40 subunit of human IL-12 and the 
5 murine GM-CSF receptor a-chain. Alignments were carried out by eye. 

Figure 3 is a photographic representation of reverse transcriptase polymerase chain 
analyses of Nrl mRNA; Cytoplasmic RNA was prepared from the following sources; 
lane 2, 3T3-L1 cells; lane 3, BAd cells; lane 4, UMR-106 cells; lane 5, PC13 cells; lane 
10 6, NFS-60 cells; lane 7, FDCP-1 cells; lane 8 32D cells; lane 9, D35 cells; lane 10, Ml 
cells; lane 11, J774 cells; lane 12 WEHI-3B D-cells; lane 13, human bone marrow; lane 
14, mouse bone marrow; lane 15, mouse spleen; lane 16, mouse thymus; lane 17, mouse 
ovary; lane 18, mouse uterus; lane 19, mouse testis; lane 20, mouse epididymus; lane 
21, mouse brain; lane 22, mouse heart; lane 23, mouse kidney; lane 24 mouse thigh 
15 muscle; lane 25; mouse liver and lane 26, mouse salivary gland. 1 ng of each RNA 
sample and a control containing no RNA (lane 1) was subject to reverse transcription, 
with an identical reaction performed in the absence of reverse transcriptase. 5% of first 
strand cDNA reaction was subjected to PCR with primers specific for Nrl (upper panel) 
or the control GAPDH (lower panel). PCR products were resolved on a 1.0% w/v 
20 agarose gel, transferred to nitrocellulose and hybridised with internal oligonucleotides 
specific to GAPDH or Nrl. 

Figure 4 is a graphical representation of scatchard analyses of saturation isotherms of 
IL-1 1 binding to various cell lines; (A) parental Ba/F3 cells (0), Ba/F3 cells expressing 

25 Nrl (Q)> Ba/F3 cells expressing Nrl and the LIF receptor (■), (B) Ba/F3 cells 
expressing the LIF receptor and gpl30 (0), Ba/F3 cells expressing Nrl and gpl30 (■), 
Ba/F3 cells expressing the Nrl, LIF receptor and gpl30 (O), (C) parental Ml cells (0), 
Ml cells expressing Nrl (0)> and (D) 3T3-L1 cells (■) were incubated with various 
concentrations of labelled IL-1 1 in the presence of absence of a 10-100-fold excess of 

30 unlabelled IL-1 1. After 18 hours incubation on ice, bound and free IL-1 1 were 
separated by centrifugation through foetal calf serum. Bound and free 125 I-IL-1 1 was 
quantitated in a y-counter and the data was depicted as a Scatchard transformation. In 
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Hsed for cell number and shown as binding to 10« cells, 
each case data were normalised for cell 
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Flgure . is a represent of ^^^X^ 
acid sequence of to human IL-11 P 
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signal is shown in lower case and bold type. The boxed region represents the 200 amino 
acid hemopoietin domain (D200) and is composed of two 100 amino acid subdomains 
(SD100) as marked by the broken line. The two arrows indicate the position of intronic 
sequences present In some of the cDNA clones. 

5 

Figure 9 is a representation of a comparison of the predicted amino acid sequence of 
the human (H) and the murine (M) IL-11 receptor a chain. The asterisk symbol 
indicates identity. The hatch (#) marks represent gaps introduced to improve the 
alignment. 

10 

Figure 10 is a photographic representation of a Southern blot demonstrating cross- 
species hybridisation of (A) murine IL-1 1 receptor a chain cDNA probe (445 bp Sph 
If Sac I fragment) and (B) of human IL-1 1 receptor a chain cDNA probe (560 bp Pst 
VXba I fragment from clone #17.1) to human (H) and to murine (M) genomic DNA 
1 5 digested with Hind III. Nylon membrane processed under conditions of high stringency 
(0.2 X SSC, 0.1% w/v SDS, 65°C). Exposure was for 16 hours at -70°C using 
intensifying screens. 

Figure 11 is a diagrammatic representation of structure of the human IL-1 Ira cDNA, 
20 displaying the 5' and 3' untranslated region (solid line) and the coding region containing 
the signal sequence (DD), the extracellular domain (□), the transmembrane region (M), 
the cytoplasmic portion (■) and the poly A tail (AAAA). The approximate position of 
the conserved cysteine residues (C) and the WSTWS motif is indicated. The size and 
extent of the four cDNA clones selected for analysis is shown below. The approximate 
25 positions of the introns is indicated (V) as is their size in bp. The length of the clones 
is depicted without the introns. The composite cDNA was obtained from clines #9. 1 and 
#17.1 by ligation at the indicated Pst I site (arrow) and used for expression studies. 

Figure 12 is a diagrammatic representation of scatchard analyses of saturation isotherms 
30 of human IL-1 1 binding to Ml cells manipuated to express human IL-1 Ira ( ), Ml cells 
expressing the murine IL-1 lra( ) and parental Ml cells (O)- Cells were incubated with 
various concentrations of labelled IL-11 in the presence of 10-100-fold excess of 
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10 f ^„ 
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established(r=pr«en«edby ^ fM ^ v . (op en symbols). Senes 

buman „»• molecule, all ceHhnes w«e .L U ^ ^ ^ ^ w 

ai ,„„ons of human K-U are shown. The res 
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The following single and three letter abbreviations for amino acid residues are used in 
the specification: 



10 



Amino Acid 


Three-letter 


One-letter 




Abbreviation 


Symbol 


Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutamine 


Gin 


Q 


Glutamic acid 


Glu 


E 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


lie 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


Thr 


T 


Tryptophan 


Trp 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 


V 


Any residue 


Xaa 


X 
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The following 


abbreviations are adopted 


IL-11: 


Interleukin 11 


5 IL-llr: 


IL-11 receptor 


IL-llra: 


IL-11 receptor a-chain 


D: 


Domain 


SD: 


Sub-domain 


Nrl: 


IL-llr 



10 EXAMPLE 1 

LIBRARY SCREENING 



■ , dul, moos, liver cDNA libraries Coned in,o »»10 and «AP (Conetech, 
Commercial adult mouse l.v« ^ rf ^ 

CA, USA arid Straugen.,CA, USA)™ ^ ^ ^ ^ 

15 LE392 . infected bacteria were grown on ^ ^ ^ ^ ^ 

approximate,, 5 °' Wpl ^(ctny/pZue Screen ™, NEN Research Products. 
^ diameter nylon memtaanes (Co^Pj ^ ^ fcr , 

MA, USA), bacteria were .ysed and the MA-' J ^ 

^ . Tfc» filters were rinsed twice in O.l/'W/vsuu. 
nUn with dry exhaust The fillers w , d . , 5 ^ sodium citrate dihydrate) 

2 „ (SDS), 0., x SSC (SSC is 150 mM sodium cU n .5 - 2 ^ 

bovine serum albumin, 2 mg/ml » DNA, 0.1% NP- 

40 and 200 ug/ml sodium az.de. The pre by ^sation (HYB1, HYB2 

25 amount o f 1 , « of die dentate ^ ^ 96 0 ,Ci 

- mM,,, "rS — ' I^ATP was separated fromthe 
of ^P-ATP (Bresatec S.A., Au^ O ^ ^ 

labelled oligonucleotide usmg a pre-packed 8 m 80 ml of the 

„ 1, SWEDEN) FUters were hybridised overnight at 
Uppsala, SWEDEN). ^ ^ , 0 . 10 

30 prenybridisauon buffer contaunng 0, /. W ^ ^ ^ ^ 

cpWol of labelled oligonucleotide^ F.I , ^ath 

^nperatur. in 6 x SSC. 0.1% v/v SDS, twice for 30 nun 
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containing 1.5 1 of the same buffer and then briefly in 6 x SSC at room temperature. 
Filters were then blotted dry and exposed to autoradiographic film at -70°C using 
intensifying screens, for 7-14 days prior to development. 

5 Plaques that appeared positive on orientated duplicate filters were picked, eluted in 1 ml 
of 100 mM NaCl, 10 mM MgCl 2 , 10 mM Tris.HCl pH7.4 containing 0.5% w/v gelatin 
and 0.5% v/v chloroform and stored at 4°C. After 2 days LE392 cells were infected 
with the eluate from the primary plugs and replated for the secondary screen. This 
process was repeated until hybridising plaques were pure. 

10 

EXAMPLE 2 
ANALYSES OF POSITIVE PLAQUES 
DNA was prepared from positive plaques using Promega Magic Lambda DNA columns 
(Promega Corporation, WI, USA) according to the manufacturer's instructions. An 

15 amount of 100 ng of DNA from each positive bacteriophage was sequenced using a finol 
sequencing kit (Promega Corporation, WI, USA) with the 33 P-labelled oligonucleotide 
primers gtlO/br, gtlOrev and either HYB1, HYB2 or HYB3. The products were 
resolved on a 6% w/v polyacrylamide gel and the sequence of each clone was analysed 
using the Blast database comparison programs and the translation function of the 

20 Wisconsin suite of programs. 

The sequence of one clone (Nrl-AZ-36) contained motifs characteristic of the 
haemopoietin receptor family. Two oligonucleotides, #26 and #60 (nucleotides 946-970 
and 1005-1034; Figure 1; Table 2), were designed from this sequence and used rescreen 

25 the primary filters from the original liver library and two other adult liver cDNA 
libraries. The initially isolated cDNA clone, Nrl-AZ-36, and four other cDNA clones 
(Nrl-30.2, 30.3, 30.4 and 30.17) were sequenced completely, on both strands, using the 
dideoxy method (18) with the Pharmacia T7 polymerase sequencing kit (Pharmacia, 
Uppsala, SWEDEN). The sequence of the new receptor was compared to the EMBL 

30 and Genbank database using the FAST A program. Alignments with known cytokine 
receptors were carried out by eye. 
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^ ^ — fc - -** - »— - 

degenerate oUgonucieotides to ft. WSXWS motif. 

Penary positive plaques are WW and picked. 

5 a ; n * nolvmerase chain reaction containing the 

*l of primary plaque eluate was used m a ^ 

« i ,iw pm buffer with Mg (Boehnnger Mannheim), l ui iu 
followmg: 5n! lOx PCRbuffe „ , 00 ug/ml ^ 0 .5ul 

dCT P, dOTP and dTTP ^ ^ utUised were .Hose WSXWS 

of Taq poiymerase C~'^V ^ ^ 
Primersusedmhybrid.sauonm— ^ J ^ ^ ^ 

to ^ the Ubrary - 2J cycles of 9 , C for 30 sec, 5,C for 

using the following protocol. 96 C ior 1 
30 sec and 72»C for 2 min, 4-C indefinitely. 



15 



^ na l%w/v agarose gel in TAE. Any products 
^reisola^usmgOeneCleanreag _ 

^^-^CLti^Za'oLdsequeneer. The sequence is 



20 



— , r, ^n .i- 1*^ 
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TABLE 2 

SEQUENCE OF OLIGONUCLEOTIDES 



Oligonucleotide Sequence SEQ ID NO: 





HYB1 


5' 


(A/G)CTCCA(GT)TC(A/G)CTCCA 3' 


6 


10 


HYB2 


5' 


(A/G)CTCCA(A/G)TC(A/G)CTCCA 3' 


7 




HYB3 


5' 


(A/G)CTCCA(N)GC(CAT)CTCCA 3' 


8 




#26 


5' 


TGGTCCACGGTGGAGCCCATTGGCT 3' 


11 




# 60 


5' 


CCACACGCGGTACGAGTCAGTGCCAGGGAC 3' 


12 




gtlO/br 


5' 


AGCAAGTTCAGCCTGGTTAAG 3' 


13 


15 


gtlOrev 


5' 


CTTATGAGTATTTCTTCCAGGGTA 3' 


14 




#495 


5' 


CCCTTCATTGACCTCAACTACATG 3' 


15 




#496 


5' 


CATGCCAGTGAGCTTCCCGTTCAG 3' 


16 




#449 


5' 


GGGTCCTCCAGGGGTCCAGTATGG 3' 


17 




#285 


5' 


GGAGGCCTCCAGAGGGT 3' 


18 


20 


#489 


5' 


CTCCTGTACTTGGAGTCCAGG 3' 


19 




#741 


5' 


GGAAAGCTGTGGCGTGATGGCCGTGGGGCA 3' 


20 




30fl 


5' 


GGGCGGAGGCCGCTGGCGGGCG 3' 


21 




30rl 


5' 


TTATCAGCTGAAGTTCTCTGGGG 3' 


22 



25 



EXAMPLE 3 

REVERSE TRANSCRIPTASE POLYMERASE CHAIN REACTION 
First strand cDNA synthesis was performed on 1 jig of polyA+ cytoplasmic RNA. 

30 Reverse transcription was carried out at 42°C for 60 min in 20ll1 of 50 mM Tris.HCl 
pH8.3, 20 mM KC1, 10 mM MgCl 2 , 5mM dithiothreitol, 1 mM of each dNTP, 20ng/ml 
oligo (dT) 15 and 12.5 units of AMV reverse transcriptase (Boehringer Mannheim GmbH, 
Mannheim, Germany). Control reactions were performed for each RNA sample under 
identical conditions except that reverse transcriptase was omitted from the reaction. The 

35 reverse.transcription reaction mixture was diluted to lOOjal with water and 5jil was used 
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carried out in 50^1 of reaction buffer 
for each PCR reaction. PCR reactions w«« 200llMof eachcuNTP, 

1(lM of each primer for ampUBcation of 11,11 receptor a-chain 

M^im, Gennany). of ^ ^poreOn receptor 

5 (Nrl) cDNA were, from homologY «.th ^ ^ oligonucleoti des were M49 and 
family, preoicttd to span at lea* t«» °_ ^ ^ ^ ^ ^ ^f^on of 

«85 (nuclides W 56 ™ ^ ' ^ ^ 2) . PCR was performed for 
GAPDH cDNA primers «95 and ^ foi 3 ^ m a perkin Elmer 

30 cycles at 94'C for 2 mm, at 60 C for ^ ^ ^ 

,„ Cews Thermal cycler (Perfcn Elmer CehK, ,^ ^ ^ ^ ^ . 

.mxtore was electrophoresed on a ..0 Reed ^ ^ 

Mt apro b =memorane. ^^^ZZ^^^- 

11 receptor a-chain and #741 tor u^r 

15 EXAMPLE 4 

EXPRESSION CONSTRUCTS 

„ • a PGR with primers 30fl and 30rl (Table 2) to generate a cDNA 
Nrl-30.3wasusedinaPCRw.tnp ^ e PC R product was cloned into the 

2 „ BsOC.siteofpEF-BOS(2»^ c d>IAs encoding the human LIP receptor and 
jaser, was sequenced on both stran Receptor cDNAs in pEF-BOS were 

mouse gpHO were also subcloned mto pE - c DNAs 
^earized with Aa. U prior to w. -c- ^^pA) and neomycin 

"JSCS . - — - - *■ Mobta " 

25 transferase (pPGKneop/v u<u 

untranslated region were linearised with Sea I. 
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EXAMPLE 5 
CELL TRANSFECTION 

Cells were stably transfected by electroporation. Briefly, cells were washed twice in ice 
5 cold PBS and resuspended in PBS at 5 x 10 6 per ml. An amount of 4 x 10 6 cells was 
aliquoted into 0.4 mm electroporation cuvettes with 20^ig of pEF-BOS with or without 
Nrl, gpl30 or the LIF receptor cloned into the BstX I site and 2 jig of the selectable 
markers pPGKpuro or pPGKneo. DNA and cells were incubated for 10 minutes on ice 
and electroporated at 270 V and 960 nF in a Bio-Rad Gene Pulser (Bio-Rad 

10 Laboratories, CA, USA). The cells were mixed with 1 ml of culture medium, 
centrifuged through 3 ml of FCS and resuspended in 100 ml of culture medium. Cells 
were than aliquoted into four 24 well dishes. After two days, selection was commenced 
by the addition of geneticin to a concentration of 1.2 mg/ml, of puromycin to a 
concentration of 40 |ig/ml for Ml cells and 5 |ig/ml for Ba/F3 cells. After 10-14 days, 

15 clones of proliferating cells were transferred to flasks and, after expansion, tested for 
receptor expression. 

EXAMPLE 6 
CYTOKINES 

20 Murine IL-3 and IL-1 1 were purchased from PeproTech (PeproTech, NJ, USA), human 
LIF and human OSM were produced using the pGEX system, essentially as described 
(25). 

EXAMPLE 7 

25 BIOLOGICAL ASSAYS 

The proliferation of Ba/F3 cells in response to cytokines was measured in Lux60 
microwell HL-A plate (Nunc Inc., IL, USA). Cells were washed three times in DME 
containing 20% v/v new born calf serum and resuspended at a concentration of 2 x 10 4 
cells per ml in the same medium. Aliquots of 10 jjJ of the cell suspension were placed 
30 in the culture wells with 5(il of serial dilutions of purified recombinant IL-3, IL-1 1 or 
LIF, or IL-6 at 3 |ig/ml and soluble IL-6 receptor a-chain at 500 ng/ml. After 2 days 
of incubation at 37°C in a fully humidified incubator containing 10% v/v CQ 2 in air, 



PCT/AU95/00578 

WO 96/07737 

- 24 - 

«t P d using an inverted microscope, 
viable cells were counted using ai 

• f Ml cells in response to cytokines, 300 cells were 
In order to assay the differentiation of Ml U P d ^ 2Q . /o v/v 

— . 33 - *- = f : iL , Li. UP or OSM. A*er 
5 PCS, 0.3% w/v agar and 0.1 ml ol tere containing 10% v/v COj in au-. 

if — h " 4 

— - Ml cells were • «** — — 
dispersed cells or a corona of disperse 

EXAMPLE 8 

10 BINDING STUDIES WTTH IL-U 

■ „f 100 «/ml in 50 mM sodium phosphate, 150 
IL . U ^^.veda.aconeen.auonono , 

- NaCl CPBS,, 0.0,, v* Tween ^ ^ and Hunter (24, B*». * « 

- accordmg » ^ Bol , OT . Hunter recent (New 

En g,and Nuclear, MA, USA) atr ^ ^ rf , M glycms m the 

pH 8.5. After ««o hours the reacnon was , BoUon . Himt e t 

reagent using a pre-packed Sephadex ^ ^ ^ ^ 

20 Sweden) counted »> » — ^ ^ 5 „ ^ Tris HC, pH 7.5 

^e. Prior to use the IW> «• ^ md appUed „ . 250 ul 

— 0.0,% v/v TV- SWEDEN) calibrated u, the 

column of CM-Sepharose CL-4B ffham buffct mi e luttd «th 

^fcufler. Thecolumnwaswashedwr^nU < * ^ ^ _ 

^ to 95%preci P i^^»^ ^ ^ _ , y 

,L-11 preparation was assessed . * approxilMtt ly 130,000 cpm/ng 

80%. The specific radioactivtty of the 

and was determined by self-displacement analysts (22). 

30 , essentially as previously described (22). Briefly, 5 x 
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10% v/v foetal calf serum (RHF), were incubated overnight on ice, with between 5 x 
10 3 and 2 x 10 6 cpm of 125 I-IL-1 1, with or without a 100-fold excess of unlabelled IL- 
1 1. In other experiments receptors were saturated with constant amount of 125 I-IL-1 1 
and increasing amounts of unlabelled IL-1 1 or unlabelled IL-3, IL-6, LIF, OSM or G- 
5 CSF. Cell associated and free 125 I-IL-1 1 were separated by rapid centrifugation through 
180ul of foetal calf serum and quantitated in a y-counter. 

EXAMPLE 9 
CLONING CYTOKINE RECEPTORS 

10 ON THE BASIS OF SEQUENCE SIMILARITY 

Members of the haemopoietin receptor family exhibit a relatively low level of sequence 
similarity. One of the features of receptors in this family is the five amino acid motif 
Trp-Ser-Xaa-Trp-Ser (WSXWS) (15, 16, 17). In an attempt to clone novel 
haemopoietin receptors, 10 6 plaques from an adult mouse liver cDNA library were 

15 screened with degenerate oligonucleotides corresponding to the WSXSW motif. X- 
bacteriophage plaques that appeared positive on the duplicate prima.? filters were 
picked, eluted and isolated by two subsequent rounds of plaque enrichment. DNA from 
pure hybridising plaques was then sequenced. 

20 The utility of this technique was demonstrated by the identification of several cDNAs 
encoding the murine LIF receptor, IL-7 receptor, gpl30 and a novel sequence that 
appeared related to members of the haemopoietin receptor family which is termed herein 
"Nrl". The cDNA (Nrl-AZ-36) encoding this novel receptor was sequenced fully and 
although it contained a polyadenylation signal and an extensive poly-A tail, it was 

25 clearly truncated at the 5' end (Figure 1). 

EXAMPLE 10 

ISOLATION OF FULL LENGTH Nrl cDNA AND CHARACTERISATION 
OF THE NOVEL CYTOKINE RECEPTOR 
30 To isolate a full length Nrl cDNA, the original library and a second adult mouse liver 
cDNA library were screened with oligonucleotides (#26 and #60; Table 2) designed 
from the 5' end of clone Nrl-AZ-36. Eight cDNA clones were isolated and four were 
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i ^ Analyses of the cDNA sequences revealed an open 
sequenced completely (Figure 1). An Y q ^ ^ length The 

reading fram e of 1296 bp which encode ^ sequence (residueS 
pred icted primary — 

l^-»^^^^ d , ^ 9 3 ) and short cytoplasmic tail (residues 

394-432). The core molecular wci^ 
,„ be approximately 36,000 daltons. 

. , . . characteristic of a classical haemopoietin 

^ ex— domain con,™* ^ ^ ^ ^ 100 

,„ noma* CD200- .5, <^ 1 ^JL^^^••--• , '- hr - ,1 

acid sub domaut (SD100), feu, ^ ^ ^ doraa i„ of the 

hyd rophobic residues, and *WS ^*«* domain and 

- «"« was preceded by an ^ ^ ^ ^ ^ 

Mowed by 37 ammo adds before .he ^ ^ ^ ^ w ^ 

,j aructure and to primary sequence (F.gure 2), (M% 

u „ 040/0 amino acid identity), the v.rsir f 
IL-6 receptor a-chain (24 /o ammo 

acid identity) and the p40 subumt of 1L-12 (I6/0 



20 



EXAMPLE 11 
EXPRESSION OF Nrl mRNA 



25 



c an»W S ed by Northern blot and reverse 
^ ^buuon of Nrl mBKA — _ 
transcript polymerase cham rc ac„o^T-PC )_ ^ ^ ^ ^ ^ 

aoipocy* cell Une nHW* , of .650 bp for 



5' end. 



30 



, i. u 1 mRNA suggested from Northern analyses prompted the 

^samplescontainedOAPDH 

- ° f ™ ::Tt PCr'U 3), however only 3T3-L1 cells, the stromal Une 
as judged by RT-PCR ( gw ^ ^ mopoietl n 

BAd, the embryonic carcinoma cell line PC13 
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cell lines FDCP-1 and D35 expressed Nrl mRNA (Figure 3). A wide range of primary 
tissues were also positive (Figure 3) including the haemopoietin tissues bone marrow, 
spleen and thymus as well as the liver, brain, heart, kidney, muscle and salivary gland. 
In mRNA samples from several cell lines and tissues transcripts for Nrl could not be 
5 detected. Such negative results need to be confirmed using a more quantitative approach 
to mRNA analysis. In control experiments, PCR was performed on mRNA that had not 
been subjected to reverse transcription. In none of these samples was a Nrl product 
detected. 

10 EXAMPLE 12 

Nrl IS A LOW AFFINITY RECEPTOR FOR IL-11 AND INTERACTS 
WITH gpl30 TO GENERATE A HIGH AFFINITY IL-11 RECEPTOR 

Given its sequence similarity with the IL-6 and CNTF receptor a-chains and its 
expression in 3T3-L1 -cells, it was reasoned that Nrl might be a receptor a-chain which 
15 interacts with gpl30 and/or the LIF receptor to generate a high affinity receptor capable 
of signal transduction. Since no receptor a-chains, similar in structure to the IL-6 
receptor a-chain, have been described for LIF, OSM and IL-11, these cytokines 
represent attractive candidates for the cognate ligand of Nrl. 

20 To test whether LIF, OSM or IL-11 bound to the new receptor, the factor-dependent 
haemopoietin cell line Ba/F3 and the mouse leukaemic cell line Ml were stably 
transfected with the vector pEF-BOS containing the cDNA encoding Nrl. Parental Ml 
cells express the LIF receptor and gpl30 and, therefore, bound l25 I-LIF and 125 I-OSM. 
Expression of Nrl in Ml cells did not result in altered binding of either 125 I-LIF or 125 I- 

25 OSM. In contrast, Ba/F3 cells expressed neither the LIF receptor nor gpl30 and no 
binding of 125 I-LIF and l25 I-OSM was observed on either parental Ba/F3 cells or cells 
expressing Nrl. 

No binding of 125 I-IL-1 1 could be detected on parental Ml or Ba/F3 cells (Figure 4A 
30 & C). Strikingly, however, expression of Nrl in each cell type resulted in the ability 
to bind 125 I-IL-1 1 which suggested that Nrl might be the a-chain of the IL-1 1 receptor. 
Scatchard transformation of the saturation binding isotherms revealed that the affinity 
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u tvnes (Figure 4A versus 4C). 

f IL u „ * «*- " * e :;; To «r** *» 

10 PM an< ' ^T^ccUs^d^a*! cDNA expressed 
5 ILptotsattheirsurface^g^ 

wKhNrlwere similar o affuuty 

figure 4D). 

° 1 eU type in *> " "^ito, an additional receptor component 

1* for - Mi cells Indirect evidence — " 

requil ed for the generation of a ^"Tj,*. *» — »*• antib ° <1,eS ; 
! f „130 in IL-H receptor signal transau ^ ^ ^ 

, Ml induced proliferation of TF-1 eeta Ba/F3 
89130 ^ and/or the UF «*« were expressed 

proposition directly, SP 
ceUsorinBa^JccllsexpressmsNrl. 



10 



15 



20 



cells orinDo/w- 

• ro i30 and the L1F receptor, alone or in 
Pare ntalBa/F3 cells andBa*3 Ba/F3 cells expressing^ andthe 

UPreceptor.boundlL-n-th ave^ ln con ^ W hen gp!30 and»rl 

expressing IL-U ^^"7h« fa ^ ^ 

:L co-expressed in Ba*3 * ^ ^ ^ „ ^ of receptors expres, 
< tfisure 4B). The affinity of these recepto ^ ^ 4B _ D); 

5 ^-U cells and Ml 

BxpressionofthenFreceptor-thNrlangP 

binding (Fig-e 4B). 

•r forlL-11 The binding of 1 ^ 1 
to be a receptor that is specific for 1L ^ Lff> 

in Nrl appears to be a rev v uniabelled lL-i i. uu 

30 L « - ^r^ , cells in — * - 
OSM or 1L-3 (Figure 5). Am 
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expressed with gpl30 and the LIF receptur. The binding of l25 I-IL-l 1 to Ba/F3 cells 
expressing Nrl and gpl30, was completed for by OSM and unlabelled IL-1 1 (Figure 5), 
while binding to Ba/F3 cells expressing Nrl, gp!30 and the LIF receptor was competed 
for by LIF, as well as OSM and IL-1 1 (Figure 5). 

5 

EXAMPLE 13 

CO-EXPRESSION OF IL-11 RECEPTOR a-CHAIN AND gpl30 ALLOWS A 
PROLIFERATIVE AND DIFFERENTIATTVE RESPONSE TO IL-11 

Many cytokines exert effects upon cell differentiation as well as cell division. In the 
10 absence of differentiative stimuli, colonies of parental leukaemic Ml cells are tightly 
packed and are composed of undifferentiated blast cells. In response to LIF, OSM and 
IL-6, but not IL-11, Ml colonies grown in semi-solid agar become dispersed because 
of the induction of macrophage differentiation (Figure 6A). In addition, LIF, OSM and 
IL-6 suppress the clonogenicity of Ml cells resulting in the development of reduced 
1 5 numbers of colonies. Ml cells expressing the IL- 1 1 receptor a-chain exhibited a normal 
response to LIF, OSM and IL-6 but now differentiated into macrophages when 
stimulated by IL-11 (Figure 6B). As with LIF, IL-6 and OSM, fewer colonies were 
produced by Ml cells expressing Nrl in the presence of IL-1 1 than in control cultures 
and these colonies contained fewer cells. 

20 

The IL-3-dependent haemopoietin cell line Ba/F3 has been used to study the capacity 
of a variety of cytokine receptors to transduce a proliferative signal. Ba/F3 cells are 
absolutely dependent on IL-3 for proliferation, but do not proliferate in response to IL- 
11, LIF or IL-6. It was determined, therefore, whether expression of Nrl, gpl30 and 

25 the LIF receptor broadened the spectrum of cytokines to which these cells could respond. 
While none of the cell lines examined could proliferate in response to IL-6 alone, each 
cell line that expressed gpl30, irrespective of whether or not other receptors were co- 
expressed, proliferated in response to a combination of IL-6 and the soluble IL-6 
receptor a-chain (Figure 7). Proliferation in response to LIF required coexpression of 

30 the LIF receptor and gpl30 (Figure 7), however, these cells were unable to proliferate 
in response to IL-11. Likewise, Ba/F3 cells expressing Nrl alone or Nrl and the LIF 
receptor were incapable of responding to IL-1 1 (Figure 7). Response to IL-1 1 required 
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l deO 130 (Figure 7). Half-maximal proliferation of these 
coexpressionofbothNrl and gpl30 (F g ^ ^ ^ Expression of 

— — 

EXAMPLE 14 

^^""^"T. . Probe <for method « « ">' 

^ . — n,»» ^; DNA , ^ « * » 

X SSC, at 65"C). 

u c >, USoc 1 fragment) was then used <° screen 

„. same murine probe (445 bp 4* ^ ^ ^Cuded two adul, 

15 approximate!, 10* P^s from five bum ^ ^ ft om ^ human 

ta. marrow libraries (27; Clontech C*t - ^ no. HLlOOla) and a 

pl acenta (Ciontech Cat. no. p<JsWve plaq ues were isolated and 

^ - ( " TnvtdLon-sLnmS «* — - « ^ 
purified by successive rounds , - ^ ^ ^ of me adult bone marrow 

20 Approximate!, 30 posinve clones w ^ ^ ^ UyeI „ 

libr aries a*i me placental Lbrary. No posm ^ ^ ^ (Ke 

uepaa.ma libraries despite » ^"Z* all examined using a PCR-based 
pre vious Examples,. me P-« ^ fc , pcR ^ prim ed win, an 
strategy; plaoue eluates were use - J ^ rad m appropnaI e 

25 anUs^se oligonucleotide encodmg *. ™ ^ ^ ^ to 

olig „nuc,eoude primer derived from ^ fc detaiW 

doning site. Three clones from a bone w^*y ^ ^ ^ ^ 

ch ara«=risation. Southern analysts lro , Otus confirming 

tufted eo.uivalen, bands ,0 those det^i ^ of to ^ fiom 
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• f another unique clone (#17.1, Fig. U)- The 

- — h f rsr* — * - — 

nucleotide sequence of this clon 

EXAMPLE 15 

j A . vt .,s OF THE HUMAN IL-llro 
SEQUENCE ANALYSE OF e wu)e clonM md 

As .epided in H. H, Cones «.d«,.. contained a 287 bp 

„,., encompassed the £ ' . 254 bp mtroni c sequence. The* 

^onicsequenc.andclonesM-3 rf gMomic DNA ciones, exhibited 

^ucnces we* confirmed as — »£L attributed » incomplete spUcing of 

»*» 8 *~ *• ^ bp of 5' undated region (UTR) 
1L . Uro cDNA done, The sequence «W- * J polyad£nylaUon sig nal and poly 

to, was represented in 3 clones, and a 3 ^ ^ w encooe . 

A tali. There was art open reading - ^ , ^ „ ydropn „bic 

15 protein of 432 amino acids (a...)- Thep membrane domam 
Let sequence (KB a.a.), extrace °- ^ ^ Mntame d 

(367 -392a.a.)andacy»plasm 1 o<a.l(3W M ^ ftc m urinelL-Ura (see 

w possible sites of K-Unxed a*^^*.. receptors 05*8), the human 
pre vious Examples) and in „ „emopoietin domain (D200 

20 ' L -Ura exhibited an ^^^Z^^ - «~ 

Fi8 . 8) in the extracellular regton The ^ four 

conserved cysteine residues, a . ^nine in the human receptor 

Several differences were noted -^7,^°; 
nucleotide subsutuuon in clone #43 (G ^ ^ ^ #n , mmi ^ 

^ acid residue (E«Q « « «* * ' fig . 8) m tne coding region 

30 done *8.2 by a nucleotide substtuuon ^ ^ ^ ^ m , 

no consequent change in proteu. ^ ^ ^ ^ were 
UTR by a single substitution (A~G 
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interpreted as representing polymorphisms. 

c ♦v,- ^nrine and human IL-1 Ira chains showed a high 
Comparison of the sequences of the murine and human 

, t . There was overall 85% identity at the nucleic acid level 

degree of homology (Fi . ™ _ more eyident m me extrace llular and 

; ^ ^ at the protein leve ^ ^ ^ , ^ ^ human receptor was 

transmembrane regions and less so m tne cyiu P i«» 

nr^ sL=r *. - — — 1 - 

identifiable tyrosine kinase like domain. 

EXAMPLE 16 

0 EXPRESSION OF THE HUMAN IL-U RECEPTOR A CHAIN RESULTS IN 
s ™BLlN G OP HUMAN IL-U AN* PERMITS IL-U «* 

^ murine myeloid leukemic cell line Ml <W«-~~™ ™ 
^signalling molecule for LIF,IL-6,OSM and IL-11 receptor, ^response-LIF 

l5 OSM^A colonies of parental Ml cells in semisolid agar become dispersed as eel, 
Prelate into macrophages and acquire the ability to migrate through agar. * 
differentiat rlonOEe nicity leading to reduced colony numbers. Ml 

addition, there is suppression of clonogenicity leaoing 

■ „n urn. displayed specific binding of IL- 1 1 ana 
cells manipulated to express the murine IL-U ra display ea sp 

t it ii (see previous Examples). The human IL-1 Ira was 
differentiated in response to IL-1 1 (see previo y nFFBO S f30- 

• xiii «.1U usine the mammalian expression vector pEFBOb V", 
nn ^vnressed in murine Ml cells usmg uic 

Binding smdies using .25^^0,11 
^T^n specific* bound . the these cells (see Example » *>r methods). A. 
"* T* 3 Mi cells manipuaKd «o express the human IL-Um (pools #1 - #4) 

« Ml cells and Ba/F3 cells expressing to murine IL-1 Ira and munne gpHO («e previous 
E^aiso showed high leve, binding. As expect the parental Mi cells -U-d 
Examples) a! S catchard analysis of saturation isotherms of 

no detectable specific bmdmg of IL-1 . ™ bindi ng 

L , . xxi rells extiressing munne IL-llra U^d z/:> P m ' 
ZS^JLtJ. tol — of .ehtnnan,— urine 
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gpl30. 

Table 4 summarises the results of agar culture experiments of Ml cells that expressed 
human IL-1 Ira and shows their response to LIF and IL-1 1. As described above, Ml 
5 cells expressing the murine IL-1 Ira displayed clonal suppression and macrophage 
differentiation in response to IL-1 1. In contrast, the central parental Ml cells did not 
respond to IL-1 1. The four pools of Ml cells manipulated to express the human IL- 
1 Ira when treated with IL-1 1, showed marked suppression of clonogenicity (Table 4). 
In addition, the few colonies that grew in IL-1 1 displayed a differentiated phenotype. 
10 All cells lines showed the expected response to LIF. 

Ml cells expressing human IL-1 Ira and control cells were also examined in suspension 
cultures to assess macrophage differentiation in response to IL-1 1 and LIF (31; 32). 
Macrophage morphology was assessed after five days in culture. As shown in Fig. 13, 

1 5 the majority of the cells displayed a macrophage phenotype following stimulation with 
IL-1 1 . Similar results were observed with Ml cells expressing the murine IL-1 Ira, 
while parental Ml cells did not respond to IL-1 1. Thus, these experiments documented 
the ability of the isolated human cDNA to encode a functional receptor protein and 
demonstrated that co-operation between the human IL-1 Ira and murine gpl30 was 

20 sufficient for signal transduction. 

To directly address the requirement of gpl30 to human IL-1 1 receptor signalling, murine 
Ba/F3 cells were examined. These cells are totally dependent on IL-3 for survival and 
do not constitutively express gpl30. Ba/F3 cells were manipulated to express human 

25 IL-1 Ira and expanded based on the expression of the co-electroporated puromycin- 
resistance gene. Three clonal cell lines were established. These were confirmed to 
express human IL-1 Ira as assessed by binding of radio-labelled human IL-1 1, albeit at 
low level (106; 97; 116; mean specific counts bound per 10^ cells versus undetectable 
binding for parental Ba/F3 cells). As shown in Fig. 14 these cells were unresponsive 

30 to IL-1 1. The human gpl30 molecule was then expressed in each of these clonal cell 
linesxells then proliferated in response to IL-1 1 (Fig. 14). This result confirmed the 
expression of the human IL-1 Ira in Ba/F3 cells and the requirement for gpl30 for 
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EXAMPLE 17 
HUMAN U»UKYSC^ tottmffl -^ 

bone marrow Bbranes ( 7 ^ ^ d . 

(Contech «. no. HU00»b>, a hver ^ ,„* pla , ues from 

Lpatoma ceU B-y (P— ' Ca, J 0 ^LL and fixed by in— - 
, 0 Jh Ubrar, were lifted onto { „ , ta . ^ *. hybridised 

tor 2 hr. under vacuum. The filters V« » ^ ^umm, 

^ 65 -C for .6 br. in a soiuuon — « S ^ ^ 50 ^ iBMA, 2 mM 
" mg ,mi ficoll. » ^rn. 2M ^ of sodium »de and 

i ^ H; n ^Tdf" 30 mins. - -C with 0.2 X SSC 

0 1% SDS. Positive plaques on a p 
r0U nds of hybricUsation screening. 

, also labelled and used to probe one human bone 

MEM Research Products). 

th murine IL- lira clone 

A 445 bp S P H 1 enzyme ^^^ n £ fragment from *e 

30 » 1 (see earher Espies) and a 560 bp » ^ „ g of WA was 

30 , u\n\ were used as probes, Adelaide S.A., 

human OXA do,**™ ^ ^ w , ^ A de,a,d 

labelled using a ranoom 
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Australia). The incorporated [32pj was separated from unincorporated label using 
a NICK column (Pharmacia, Uppsala, Sweden). The membrane was prehybridised and 
hybridised at 65°C overnight in the buffer recommended by the manufacturer. The 
membrane was finally washed in 0.1% w/v SDS, 0.2 X SSC (30 mM sodium chloride, 
5 3 mM tri-sodium citrate) for 30 min. at 65°C. 

EXAMPLE 18 
ANALYSIS OF HUMAN IL-llra POSITIVE PLAQUES 
Positive plaques isolated using the murine probe were further screened by a PCR- based 

10 strategy. Eluate from pure plaques (5 nl) was used as a template in a 50 pi volume 
PCR reaction using 2.5 U Taq polymerase (Boehringer Mannheim, Germany), the 
supplied buffer, 200 pM of each dNTP. The reaction was primed with 250 ng of an 
anti-sense oligonucleotide primer corresponding to WSXWS motif 5'- 
[(G/A)CTCCA(N)GC(G/A)CTCAA-3'] (SEQ ID NO. 23) and an appropriate vector 

15 oligonucleotide primer that flanked the cloned cDNA:T3 and T7 promoter primers for 
pBluescript plasmid, and the appropriate ygtlO and ygtl 1 forward and reverse primers. 
Control reactions that lacked the template were also performed. Three plaques (#91., 
#4.3, #8.2 isolated from a bone marrow library) were selected. The cDNA were 
sequenced on both strands using the dideoxy-termination method (18) and the Pharmacia 

20 T7 polymerase sequencing kit (Pharmacia, Uppsala, Sweden). 

EXAMPLE 19 

HUMAN IL-llra EXPRESSION CONSTRUCTS AND BIOLOGICAL ASSAYS 
A composite cDNA construct including the entire coding region and the polyadenylation 

25 signal but excluding the intronic sequences was made by ligating restriction enzyme 
digest fragments from #9.1 (Eco Kl/Pst I fragment) and #17.1 (Pst VEco RI fragment). 
The construct was cloned into the Bst XI site of pEF-BOS (30) using Bst XI adaptors 
(Invitrogen, San Diego, CA, USA). It was linearized with Aat II prior to electroporation 
into Ml and Ba/F3 cells. pPGKpuropA and pPGKneopA are pBluescript derivatives 

3 0 containing the cDN A encoding puromy cin transferase and neomycin transferase and were 
co-electroporated into cells and used as a selection markers. Human gpl30 cloned into 
pEF-BOS was electroporated in BaF3 cells manipulated to express the human IL-1 Ira. 
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«n in Dulbecco's modified Eagle's medium (DMEM) containing 
Ml ^<W^^-»^~ at 370C . Ba/F3 cells (33) were 

10 o/„ v/v Fetal Calf Serum (FCS) m 10/o 2 conditioned 

media as a source of IL-3 <J4j. mi am* 
5 ^ construct were generated bv elevation as described a*>ve J* ~ 
electroporatedwithpPGKPuropA. Cones of Ba/F3 expressing human " ^ 

ZZ ^ P— antibiotic selection and human gp 13 0 was introduced with 
pPGKneopA. These cells were expanded m G418. 

• , Ml cells (300 per ml) were cultured in DMEM, 20% v/v FCS, 

10 For biological assays, Ml cells (3UU per ) 

* -.u u man tt -11 flOOO U/ml) or munne LIF (1000 u/mi; or 
0 3% w/v agar and with human IL-n U^va/ j 

ol salin . C*» were incubated in humidlfte d * w«h .«* v,v CO, a. « 
X 7 cars colonies were counted - « — ^ 

• n* in pension cultures 1.5x10* Ml cells were cultured m 1.5 ml of 

examta ation of May-Grunwald Giemsa stained ceUs: a nnnunum of 200 cells was 

examined. 

2 „ TT,e proliferation of Ba<F 3 cells was measured in a micowell assay as described above. 
^ 00 ceils/well were incubated in .5 u. of media containing the foUowu, 
^ la, saline, murine —-3 0»> at «- —on .000 unus/m, 
3nd series dilutions of human IL-11. Viable cells were counted after 48 hours. 

25 .odinauon of IL-1. using the Bolton-Hunter reagent and binding studies win, Ml and 
BaM cells were performed as previously described above. 

EXAMPLE 20 
SOURCE OF CYTOKINES 

, a u mnn TL 1 1 was purchased from Peprotech (Rocky Hill, N J, USA) 

binding studies was obtained by expr^on in COS-M6 cells. Bnefl* a cDNA 
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ftom cDNA derived *- . ~-~££Z'Z 

^coding region -^ed.n.opEMUS.WL ^ ^ 

sequence followed by the FLAG q _ biolo gically active human IL- 

5 ^sed „ COS-M6 ecu— . - sec^ ^ ^ ^ t _ ^ „ y 
„ protein with a N-temuna! flag . ^ 
affinity chromatography on an an«- ^ ^ eluU „» followed 

CT, USA) as recommen M W Sw£den , ^ 

by gcl filtration °"7 h ^; d t 5 , J , on SDS polyacrylamide gel, 
10 purified protein gave a smgle band of MW 



EXAMPLE 21 

. ii 11 receptor a chain were not available to monitor express. 
Since anUbod.es to the 1 ^ rf ^ ^ ^ , Kceptor „ 

„-n- were engtnee^ to e*p^ ^^o^asunan KodaR, 

ehainwiuranN-ternunalFLAGepnop C ^ _ 

CT. USA). ^ a denvauve of *e ^ rf ^ ^ 

g e»erated so tha, it contau. - ^ » ^andureFLAGep^peCDYKDDDDK), 
(MVLASSTTSIHTMLLLLLMLFHLGLQASI ^ pEFAL3SIG/FLAG. 
Mlowed by a unique Xbc 1 clotung s«e. Trus vector 
' • , am olifv Defragments encoding me etfracellular domain 

rrrlrTT o^- — - to 03,, me p^ers - 

- ^^^^^^^^ 
l5 -cmCTAGA^GCTC^ _ ^ ^ ^ , ^ 

:;:r,r:^ « * - ° - *- * mw iro 

,1 ,1 receptor a chain could be produced using the 
ta ord er to confirm soluble ,L, 1 recep ^ ^ — ^ ^ 
30 expression vectors pEF-SIL-n . flask were 
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sterile at 4°C. 



10 



Medium - - *— ^ ^ ^jE^T 

m unne IL-1 1 receptor a P ^ t q ^ was 

„, „f ug/nu FLAG pept.de. The punfied so ^ ^ 

ele ctrophoresed on a SDS-polyacrylam.de gel, whtch - 

„ of a maior band with an apparent molecular weigm vv 
40,000 similar to the predicted si« ^ 

.1.11 receptor a chain was tested for its ability to stimulate 
The purified soluble mu^nne^L-ll^recepto^^ ^ aosence of IL-11. .L-U and the 

culture. These esul ^ ^ ^ ^ absence 

is similar to soluble IL-6 receptor a cham. 

. -n^nreciate that the invention described herein is susceptible 
Those skilled in the art will appreciate that tne 

~ "r^on, or collect, and any and ai, 

combinations of any two or more of said aeps or features. 
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